Membrane technologies have seen a significant growth and increase in application in the last two decades. Membrane systems arenow available in severaldifferent forms andsizes, each uniquely fittinga particular need and application. With the growing confidence to tailor-make membranes with desired characteristics, the applications can be extended to the separation / decontamination of a number of aqueous streams in chemical engineering or in thenuclear fuelcycle.Thechemical andengineering communities arealready paying significant attention to the questfortechnologies thatwould leadus to the goalof technological sustainability. Amongst the various separation techniques, membrane based separation methods are getting increasingly popular due to factors such as highefficiency, and low in powerconsumption and easy scale-updue to a compact design etc. Also, in a modern approach, membrane contactors haveproved to be an efficientcontacting device,dueto their highareaperunitvolume thatresultsin highmass transfer rates. Theyarenot only compactbut also eliminate several of the problems faced inconventional processes suchasionexchange, solventextraction, andprecipitation.
INTRODUCTION
A continuous research work on membrane properties and fundamental aspects of transport phenomena in various membrane operations is important for the future of membrane science and technology. There is a need for both basic and applied research to develop new membranes with improved properties and new membrane processes [1] . These processes are well suited for utilization in combination with many conventional separations in chemical and nuclear industry for treatment and processing of different liquid * Corresponding to: A. K. Pabby (email: dranilpabby@gmail.com) streams. The pressure driven membrane processes have an immense potential from the point of view of nuclear waste processing worldwide [2] . Range of pressuremembrane processes is shown in Figure  1 . A membrane separation system separates an influent stream into two effluent streams known as the permeate and the concentrate. The permeate is the portion of the fluid that has passed through the semipermeable membrane, whereas the concentrate stream contains the constituents that have been rejected by the membrane. In general, the introduction of these membrane processes has reduced waste treatment costs, improved quality of water discharged to the environment, and increased the possibility of recycling treated water. Successful design and operation of a membrane system requires a collective commitment and dedicated teamwork by the system designers, operators, and the membrane suppliers. Membrane operations, with their intrinsic characteristics of efficiency and operational simplicity, high selectivity and permeability for the transport of specific components, compatibility between different membrane operations in integrated systems, low energetic requirement, good stability under operating conditions and environment compatibility, easy control and scale-up, and large operational flexibility, represent an interesting answer for the rationalization of chemical productions. The example is already set by experts in the field of membrane science and technology by installing world's largest desalination plant in Ashkelon, Israel which is now providing and selling 165 000 m 3 of water per day ( Figure 2 ) [3] . This paper presents the overview of the different membrane technologies and their commercial applications in chemical and nuclear industries including current scenario including future challenges ofthese techniques applied world wide, Authors also cover some of the results obtained in his laboratory using concentration and pressure driven based membrane techniques for treating waste generated by radioactive plants. Attempts are made to focus future progresses in membrane engineering. Finally, analytical application of membrane techniques are also presented.
PRESSURE AND CONCENTRATION DRIVEN MEMBRANE PROCESSES

Pressure and Concentration Driven Processes in Chemical Industry
The best known and most utilized processes in the field of water and waste water treatment are those utilising pressure gradient as the driving force. These processes include reverse osmosis, nanofiltration, ultrafiltration and microfiltration. Similarly, concentration driven such as dialysis, donan dialysis and nondispersive solvent extraction have applied on large scale in chemical industry as well as for food and biotechnological applications. There are numerous ways in which the membrane modules can be arranged in filtration systems. The factors influencing the choice of the option include the type of the process, the expected concentration in the streams, the volume of the processed wastes, the acceptable dose to the membrane, and desired costs of the plant. The capital costs play an important role in low and medium capacity plants, while the components of operation costs, such as energy consumption, are of less importance. For design of large capacity installations the operation costs are key elements. High investment costs for additional equiprnents, such as control system, washing installation, or measurement apparatuses, are reasonable when they cause a decrease of operational costs of the plant.
Currently the water production by membrane techniques has exceeded that of the traditional thermal systems thanks to the construction of new systems. One of the Europe's largest seawater reverse osmosis (SWRO) plant was realized in the 2002 at Carboneras in Spain; this plant has a capacity of 120,000 m 3/day. Moreover, many large plants are under construction. Begun in April 2003, the Ashkelon plant is part of a 'Desalination Master Plan' launched by Israel in 2002 to help address the country's chronic water resource problems. As stated in introduction, the design uses advanced SWRO technology ( Figure 2 ) and state-of-the-art energy recovery systems to reduce operating costs and achieve one of the lowest water prices for this kind of operation ($0.5271 nr'). The successful operation of this plant in one of the most water-challenged areas of the world speaks of the bright future that sea-water reverse osmosis (SWRO) technology has in addressing the needs of other regions, such as China, India and Africa, which are facing growing demand and limited availability of fresh water resources [3] .
Membrane bioreactor systems have, over the past ten years, emerged as an effective way of transforming various forms of wastewater into high-quality effiuent that is suitable for discharge into the environment, and increasingly turning it into a reusable product. It now offers several advantages over more conventional technologies, including a smaller footprint, better solids removal and lower sludge retention time. According to industry specialists, the biggest challenge for participating companies is to convince decisionmakers in wastewater facilities about the efficiency of Membrane Bio-reactors (MBR) and the benefits they offer. For industrial applications, where stringent discharge standards are in force, MBRs give users extremely high-quality product water suitable for release into the environment to a publicly owned treatment plant or for recycling within the industrial plant's processes [4] .
Leather tanning presents difficult wastewater treatment challenges. Converting raw hides into finished leather suitable for clothing, baggage and other consumer items requires large quantities of chemicals such as lime, sulfite, caustic, enzymes, salt and acid. The tanning process also produces large volumes of wastewater that must be treated before being reused or discharged in order to protect the environment and the local water supply from contamination. Twoof India's largest leathertanning factories are using Koch Membrane Systems Inc's (KMS) ultrafiltration (UF) and reverse osmosis (RO) membrane technologies to increase the amount ofwastewater they can reuse during processing (Figure 3 ). This region, within TamilNadu State, is one ofIndia's primary leather tanning regions, and faces chronic water shortages, so the availability of process water for the tanning operations is of major concern to the factories [5] .
A water purification system has been developed in Australia that is targeted for remote communities which have access to either contaminated surface or brackish water. It combines a hybrid ultrafiltration and reverse osmosis/nanofiltration system with a solar energy unit. In consequence, it is possible to demonstrate to global funding agencies and political organizations that desalination, coupled with renewable energy, is a very reliable and sustainable way of meeting the water needs of small communities in developing countries or indigenous people in developed countries. The modular nature of both membranes and solar panels is a natural fit, and there are very few, if any,technolo gies available that can reliablyremove trace contaminants such as arsenic from contaminated water sources. Schematic diagram 
Fouling and Safety Aspects
All the tanks connected with membrane installation have to be equipped with tank level meters with devices and blockades of the pumps secured against overflow. Special collectors in the floor for contaminated solutions in case of unexpected overflow have to be designed.
Fouling is one of the technical problems of membrane systems operation. The phenomenon occurs mainly during ultrafiltration or microfiltration since solutions for reverse osmosis are pretreated before they enter RO module. There are four types of fouling: dissolved solids, which can easily precipitate in the process conditions, suspended solids, biological fouling and organic nonbiological fouling, caused by carbon-based molecules fouling. The symptoms of fouling are decrease of permeate flow) increase of pressure drop across the module, and decrease of pressure in the unit. Tokeep the stable flux, pressure needs to be continuously increased. Usually 100/0-150/0 reduction of the permeate flow should be a reason for immediate membrane cleaning, otherwise increase of pressure in the system and crystallization of salts or silica in the pores may result in the irreversible membrane structure change or damage.
Pressure and Concentration Driven Processes in Nuclear Industry
The nuclear industry generates a broad spectrum of low and intermediate level liquid radioactive wastes (LRWs). Various stages of management of radioactive waste as adopted in India are shown in Figure 5 . These include waste characterization, treatment, conditioning, storage, disposal, surveillance/ monitoring, etc. Various options available for treatment, conditioning, storage and disposal of thes.e wastes depending on their physical forms are also indicated. These liquid wastes may be produced continuously or in batches and may vary considerably in volume, evaporation. They are limited by either their inability to remove all contaminants or, in evaporation, the high operating costs involved and the large quantities of secondary solid waste produced, which means that satisfactory processing of LRWs is difficult to achieve. Applications of membranes and anti-fouling techniques are now available making this technology viable for liquid radioactive waste processing. Recent experience with these improved systems has been quite favorable, and with proper application, the systems are dependable and possess significant processing capability.
It is common that membrane plants are automated. The automation starts up and shuts the installation, runs the cleaning cycle, adjusts the process parameters. However, some intervention of the operator in case of emergency has to be foreseen. All valves and devices remotecontrolled ought to have the possibility of manual start-up and putting in motion. Membrane installation may be integrated into the central control system in the plant where it is used.
However, in case of nuclear industry it is rather recommended to design self-contained units, fully automated by simple ladder logic controller or microprocessor control. All operating parameters such as pressures, temperatures, flows, tank levels, pH, conductivity, and specific activity are monitored and recorded. Continuous visualization of main parameters' trends is very important and helpful.The control system includes also automatic start-up and shutdown of pressure pumps, dosing pumps, as well as shutdown of the whole installation in the case of unexpected event or emergency. The exceeding the allowable operating parameters' limits should result in the start-up of appropriate blocs and alarms.
Radiation Influence on Membrane Periormunce
The influence of radiation on the transport properties of different reverse osmosis composite membranes was studied by Chmielewski and Harasirnowicz [7J. Reverse osmosis membranes were irradiated with a 60CO source, with a linear accelerator, and were also immersed in a 137Cs high activity solution, reaching absorbed dose values around 40 kGy. The results of some tests with the irradiated membranes showed that aromatic polyamide composite membranes are highly radiation resistant. This allows these membranes to be used in radioactive solutions with an activity below 3.7XlO 12 Bq/m', which corresponds to absorbed dose values around 30 kGy. The irradiated membranes were then tested in a pilot plant with a plate-and-frame module with capacity for two membranes with an effective area of 90 em' each. Permselective results of irradiated membranes were compared to those of nonirradiated membranes (reference). It was observed that the performance of the samples irradiated with electronic or gamma radiation was very similar to that of tbe nonirradiated membranes. Tables 1 and 2 show the results of permeate flux and retention index for gammaand electron-irradiated membranes, respectively. cnc Press, 2008 In waste immobilisiation plant, BARC, Mumbai, India, a reverse osmosis plant of capacity 100 m'/ day using polyamide membrane in spiral wound configuration is in operation for treatment of lowlevel (37-3.7 X10
Important Case Studies in India
6 Bq/L) waste at Trornbay ( Figure  6a ). The volume of waste is normally reduced by a factor of 10 and decontamination factor of 8-10 is achieved in this process. In another pilot plant, a low level radioactive waste containing alpha and beta activity was carried in reprocessing plant, BARC 'Iarapur, India (Figure 6b) .The results of the RO studies carried out with low active waste indicated that DF values for alpha range from 6-10, and for beta, from 6-15. Nitrates and total dissolved solid (TDS) were also strongly rejected by RO. The results from the permeate solution show that after passing 60,000 L, the performance of the pilot plant was quite promising. In once through mode, good permeate quality was maintained, whereas alpha and beta activities of the concentrate reached 10-4 mCi/L and 10-3 mCi/ L, respectively, and TDS levels surpassed 15,000 ppm. The life time of this RO module is evaluated in order to check for any damage or hot spot (a spot which gives radiation dose due to accumulation of radionuclide) on the module. However no hot spot was observed and module gave satisfactory performance as permeate quality was up to the mark (9] .
Low-active liquid waste (i.e., condensate, regenerant, and detergent) genera ted in reprocessing plants is subjected to electrodialysis for concentration of radioactive cations into a very small volume, thus rendering a large portion of the waste disposable and environment friendly (5 XI0-5 mCi/L gross beta activity). For this purpose, an electro-membrane cell containing an ion-exchange membrane in its central compartment was designed and fabricated in the BARC laboratory. Most of the radioactivity from the low-level radioactive effluents could be removed by Electrodialysis (ED). Greater decontamination factor (DF) was achieved for cesium than for ruthenium due to the nonionic nature of the latter. The concentrate streams generated during electrodialysis contained 0.005-0.05 mCi/L of Cs-137, and the volume reduction factor achieved in the electrodialysis operation was ca. 10 [9] .
Uranous nitrate [U(N0 3 )4] solution is used for the quantitative reduction of plutonium from loaded tributyl phosphate (TBP) phase. Membrane cell technology was investigated for the production of 100% uranous nitrate solution, which is to be used in the partition cycle of the PUREX process (plutonium uranium reduction extraction process) in the fuel reprocessing plant. A study was carried out at the BARC to obtain 100% uranous nitrate solution using a membrane based electrolytic cell. The membrane was used for over 5 years in nitric acid and hydrazine medium without any apparent damage. It offered high chemical resistance and mechanical strength. In each batch operation, the percentage conversion to uranous nitrate was 100%. The 100% uranous nitrate solution generated was utilized for the plant process. Several kilograms of uranous nitrate have been produced in the reprocessing plant using this technique [9] .
In view of the radiological safety the personal contact with operating installation should be minimized. The location of data acquisition and control systems has to be planned in separate room, away from places of potential contamination. However,the necessity of eventual periodic sampling has to be taken into account, too. The sampling points have to be located in the places with easy operator access and arranged in a way eliminating leaks and contamination [10- 
111·
All polymeric membranes and modules have admissible temperature of operation. For most of them this temperature is 40°C, only for inorganic materials this temperature is much higher. In case of reverse osmosis there is a possibility ofretentate and permeate temperature growth caused by the circulation under high pressure. The continuous temperature control of the streams with upper alarm has to be predicted. The systems collecting the excess heat (radiators, ribbed pipelines) allowing .intensive cooling have to be designed [10·11] .
Membrane Cleaning and Scaling Control
During concentration of radioactive waste by pressure-driven membrane processes, such as reverse osmosis, the solubility limits of~ome dissolved salts can be exceeded. These salts precipitate on membrane surface or in other parts of the plant causing the damage of the membrane orsevere corrosion of the elementsof installation. The periodic cleaning of the membranes exposed to the action of foulants and sealants present in the wastes is necessary. The frequency of the cleaning depends on the composition of the wastes; the necessity is recognized from the pressure drop or rapid flux decrease. If the flux drops by several percent, the membrane has to be restored. The volume of the cleaning solutions should be as small as possible, to minimize the amount of secondary wastes. The selection of the cleaning agents and their concentration depends on the membrane and on the kind of foulants present in the waste. Manufacturers of the membranes usually recommend some cleaning solutions, acidic or basic and detergents, which have to be tested during pilot plant experiments. The most popular agents are citric acid, sulphuric acid, sodium hydroxide, sodium tripolyphosphate,sodium ethylenediaminetetraacetate, and ethylendiaminetetraacetic acid (EDTA). These compounds are relatively inexpensive and widely applied, however sometimes specially prepared membrane manufacturers' formulations sometimes superior and worthy of consideration. Such reagents, however, themselves are very good centers of nucleation and initialization of fouling and scaling. So subsequent fouling can be even more severe after restoration of the membrane. Variouscleaning agents are availablein the market. They can minimize the production of secondary wastes because they can clean the membranes very effectively. For polymeric RO membranes applied in Chalk River Laboratories, for example, good results were obtained using Memclean, alkaline detergent containing EDTA [10· 11]. For cleaning ceramic membranes used at the Institute of Nuclear Chemistry and Technology (INCT), Warsaw, the P3·ultrasil, Henkel EKOLAB, was effective. On the other hand, laboratory preparations (e.g., alkali and acid based solutions) also proved very useful [10-11J. 3.0 WORLD SCENARIO OF MEMBRANE TECHNOLOGY IN CHEMICAL AND NUCLEAR TECHNOLOGY During the last 5-10 years membrane technology has been gradually introduced into nuclear power plants for treatment oflow levelradioactive wastes (LRWs). Many power plants in the United States ofAmerica, for example, have traditionally treated low level liquid effluent by direct evaporation of the liquid waste, by conventional filtration and ion exchange, or by combination ofthese. The common limitation of these processes is that they generate significant quantities of radioactive solid waste to be disposed of. Furthermore, the treated liquid effluent is not pure enough for environmental discharge or recycling. Some of large scale applications of membrane processes in chemical industry can be referred in a specialized report published by IAEA (International Atomic Energy Agency) in 2004 [12] .
In most of these cases, the reverse osmosis units actually utilize nanofiltration membranes to allow passage of boric acid to the permeate side while rejecting any residual dissolved radioactivity. This allows the permeate to either to be discharged to the environment or recycled. This represents the most extensive use of reverse osmosis ( or nanofiltration) in nuclear plants [12] .
Considerable pioneering efforts in this respect were made at AECI.:s Chalk River Research Laboratory, beginning in the 1970s. The objective was the development and acquisition of a two stage reverse osmosis system with a productivity of 28000 m 3/a. The concentrated reject (reject after the last module in series) from the reverse osmosis system was to be bituminized (process of fixing activity in solid form with bitumin). Research and exploratory work was conducted which enabled design of a full scale system consisting of crossflow microfiltration, spiral wound reverse osmosis (first stage), and tubular reverse osmosis (second stage), as shown in Figure 7a . The system processed approximately 2200 m 3 of LRW annually.
Membrane installation, capacity of -1 m 3 / h pure permeate, was composed of three stages of reverse osmosis preceded by pretreatment with polypropylene depth filters. The first two stages were used for purification, and the third one for final concentration. Two types of spiral-wound RO modules were used in the installation and they work under a pressure of 20 bar and with high salt rejection, higher than 99%. The membrane was manufactured from cross-linked fully aromatic polyamide composite. The view of the plant is shown in Figure 7b .
Membrane installations operated in nuclear industry are pressure-driven systems; majority of them are reverse osmosis plants. Uncontrolled growth of operation pressure may result in module damage and valves' leaks resulted in contamination hazard. The selection of appropriate pumps and security devices can avoid the danger of pressure overgrowth and its detrimental implications. The security valves' outlets have to be connected with existing waste distribution systems to direct the eventual leaks to the waste collecting tanks [lOll].
FUTURE PROGRESSES AND CHALLANGES IN MEMBRANE ENGINEERING
Practically, there is a lot of opportunities for membrane separation processes in all areas of the modern industry. The most interesting developments for industrial membrane technologies are related to the possibility of integrating various membrane operations in the same industrial cycle, with overall important benefits in terms of product quality, plant compactness, environmental impact, and energetic aspects. At present, redesigning important industrial production cycles by combining various membrane operations suitable for separation and conversion units, thus realizing highly integrated membrane processes, is an attractive opportunity because of the synergic effects that can be attained [13] . In a latest study, Baker [I] has emphasized on the current research needs in the membrane separation industry. The study was performed by a group of six membrane experts representing various fields of membrane technology. Membrane separations were divided into seven application areas. This report summarize the key results from this effort and provides a perspective on the success of the study and its impact on membrane separations, As an outset, this report has stated that considerable progress has been made in a number of key areas, with some important and unanticipated developments. This type of technology assessment report can prove to be important in setting up the directions for research and development, both for individual scientists and engineers and for the broad membrane community. In forthcoming projects is the realization of a desalination plant between Red Sea and Dead Sea, using the process of hydrostatically supported reverse osmosis to provide a desalinated seawater ( Figure Sa) . Hydrostatic energy potential of 300 m elevation difference between Red Sea and Dead Sea will· be used for desalination by hydrostatically supported SWRO. On completion, this plant will produce 26 m 3/s of water. The need for even more cost-effective and efficient systems for water recovery, was, and continues to be, the driving force for the research and development in RO technology.
Among latest membrane techniques on commercial scale, liquid-liquid extraction has also been employed on a commercial scale in membrane contactors to remove environmentally toxic species from wastewater before incineration. Photograph of such a system is shown in Figure Sb . Multiple banks of contactors are used in the system. The solvent used for extraction is returned to the chemical process that produces product in aqueous stripping solution. Metal separation is the thrust area where membrane contactors are proving to be better than conventional methods. Applications of membrane contactor for actinide separations are emerging area in this field and several research groups are working in different countries [14] [15] .
MCs are being applied in various areas and proved to be quite cost effective also. In this direction, Korean Electric Power Institute (KEPRI) has installed Liqui-Cel Membrane Contactors in the Kori nuclear power plant in South Korea. The membranes have been in operation since 2000 and have successfully met the rigorous demands of the nuclear power industry. The water is continuously recirculated through the membrane contactor system in an effort to keep the dissolved oxygen level low. Dissolved oxygen is controlled to very low levels in this system in order to prevent corrosion of piping and equipment. Dissolved nitrogen is also controlled to prevent the formation of Carbon 14. C-14 being radioactive isotope can create radiation dose to the plant workers [10, 16] . Figure 8c shows the schematic of the unit used for this purpose,
In the field of analytical applications, these techniques exhibit high selectivity, and they concentrate analytes during the separation process. For this reason, these techniques have undergone significant development in the last decade used for analytical sample preparation, due to its advantages over conventional sample preparation techniques. In future, membrane techniques will replace conventional analytical techniques due to its merits over routine techniques [17J. In a interesting application, these membranes could be also used to remove CO 2 , which is a waste product of human metabolism, from the atmosphere of a self-contained spacecraft. Moreover, these or similar membranes could also offer possible solutions to the problem of the CO 2 emission control on the earth [18] .
CONCLUSION
The membrane separation processes listed are at different stages of development and implementation. Despite some technical and process lImitations membrane techniques are very useful methods for the treatment of different types of effluents. They are already proven in chemical industry for the treatment of various effluents. They can be applIed in nuclear centers processing low-and intermediate-level lIquid radioactive wastes or in reprocessing plants. All the methods reported in the chapter have many advantages and can be easily adapted for actual, specific needs. Some of them are good pretreatment methods; the other can be used separately as final cleaning steps, or can be integrated with other processes. Membrane methods can supplement or replace techniques of distillation, extraction, adsorption, ion exchange, etc. Also, advances in membrane processes for both chemical and nuclear waste processing with respect to current global situation of membrane processes are also reported.
